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This study has the objective of evaluating the stability of B complex vitamins and its vitamers, for a period
of 1 year of storage. The pollen samples were stored under room temperature (with and without light)
and frozen. The vitamins were quantiﬁed by HPLC with ﬂuorescence detection. All proposed vitamins
were found in the samples and the dehydration process did not interfere in vitamin content. The varia-
tions were (dry basis): 0.59–1.09 mg/100 g (B1); 1.73–2.56 (B2); 6.43–15.34 (PP) and 0.33–0.68 (B6). After
1 year of storage, it can be stated that vitamin B1 concentration remained constant, while for the others,
the concentration loss was dependent on time rather than on storage conditions. All samples were con-
sidered vitamin B2 sources. The inﬂuence of the storage time in the concentrations of vitamin B6 and PP
was explained mathematically, through linear regression equations of multivariate analysis.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Bee pollen is a mixture of ﬂower pollen, nectar and bee secre-
tions. It can be collected by beekeepers without damage to the bee-
hive. This natural product, that has been gaining prominence, is
recognized to be a valuable apitherapeutic product with potential
for medical and nutritional applications (Almeida-Muradian et al.,
2005). In fact it contains proteins, the 22 basic amino acids,
carbohydrates, lipids, vitamins and minerals (Morais et al., 2011).
Basically, it contains vitamins of B complex, vitamin C–E. As in other
protein-rich foods, pollen can quickly lose its nutritional value if
handled or stored incorrectly (Bogdanov, 2004). To ensure the qual-
ity and identity of the product, the Brazilian legislation (Brazil,
2001) established standards, even though the pollens’ expiration
date is currently neglected. Other countries such as Bulgaria
(Bulgarian Standard 2567111-91); Poland (PN-R-78893 ‘‘Obnóza
pylkowe’’) and Switzerland (Swiss Food Manual: Pollen Bien-
enprodukte, BAG – Swiss Federal Ofﬁce for Public Health) have also
established quality standards for this product.
Since bee pollen presents a high level of moisture in its compo-
sition, a dehydration process is necessary, to avoid rapid fermenta-
tion and spoilage (Estevinho et al., 2012). This process is,
consequently, crucial in the enlargement of the shelf life time.ll rights reserved.Barreto et al. (2006), when assessing the shelf life of dried bee
pollen, concluded that it varies depending on storage temperature
and, furthermore, that the physical and chemical analysis should
be complemented with organoleptic analysis. By the sensorial
analysis, the pollen became unﬁt for consumption in 240 days
at room temperature (annual average 25.81 C), undergoing a
process of darkening and turning bitter by Maillard reaction.
The samples stored at 12 C presented the greatest durability,
being rejected after 360 days. Regarding the physical and
chemical analysis, the pollen samples remained within the
parameters established in the legislation in force, except for free
acidity and total sugars.
Due to the nutritional and functional importance of the compo-
nents present in foods, it is necessary to control and supervise the
different development processes, in order to ensure that the pro-
cessed foods supply consumers with all nutrients in their most
available form, comply with their requirements and maintain their
organoleptic proprieties (Torres et al., 2003).
In an original form, the present study aimed to assess the stabil-
ity of the B complex vitamins (B1, B2, B6 and PP) including their
vitamers, in samples of bee pollen after processing and during a
1-year storage period. This comprehensive study is very important,
as this group of vitamins plays a key role in the production of cel-
lular energy (B1, B2), facilitates the amino acid metabolism (B6) and
helps the body converting carbohydrates into glucose (PP). As far
as we know, this is the ﬁrst work concerning this issue.
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2.1. Materials
Seven different batches of fresh and dry bee pollen, recently produced, were ac-
quired directly from PRONATU Lab. Produtos Naturais Ltda. (natural products labo-
ratory). The team decided to use mixed pollen because it is the way the product
is commonly sold, as it would too expensive for beekeepers to separate the pollen
into families before selling it. This is very important since it’s our intention to have
results with potential use in the industry and not only theoretical approaches. The
samples were collected from the Mata Atlântica area, in Vale do Ribeira–São Paulo
State, Brazil. The collecting process took place from October 08 to November 30,
2007, with a week interval between batches. Fifteen Apis mellifera bee hives were
used. The supplier homogenized the collected batch, removed approximately
200 g in natura, which were kept in the freezer, and processed the remaining
amount to a drying process in kiln from the brand Ballardin, adjusted to 45 C tem-
perature for approximately 6 h. The processed bee pollen was stored in transparent
plastic packages of 45 g, labeled in accordance with the business procedures of the
company. For the experiment, the batches were coded with the alphabet letters (G–
L, e, M). The fresh bee pollen batches were analyzed immediately upon receipt and
the dried bee pollen batches were divided as follows: 04 packages were analyzed
immediately upon receipt to make up Time 0; 04 packages were stored in freezer
(18 C); 04 packages were stored at room temperature (average 25 C) exposed
to light (F40W T12 lamp); 04 packages were stored at room temperature (average
25 C), protected with aluminum foil from light exposure. The batches were stored
under the three described conditions for a 1-year period and were analyzed at inter-
vals of 4 months following acquisition (Times 1–3).
The standards employed for the analysis were acquired from the brand Merck.
The solvents and other reagents used in the analysis were acquired from the brands
Synth, Merck and Vetec.
2.2. Methods
2.2.1. Simultaneous extraction of vitamins B1, B2, vitamers of vitamin B6 and niacin
The simultaneous extraction of the vitamins was performed as described by
Moreschi (2006), Presoto and Almeida-Muradian (2008) and Arruda (2009), who
prescribed the use of acid hydrolysis followed by enzymatic treatment with fungal
diastase. In Erlenmeyer, approximately 5 g of bee pollen were mixed with 50 mL of
HCl 0.1 mol/L and kept in boiling water bath for 30 min. After cooling to room tem-
perature, the solutions had their pH adjusted to 4.6 with sodium acetate 2.5 M.
After adding 0.5 g of fungal diastase enzyme (Merck) the solutions were incubated
for 2 h at 42 C in water bath. After the enzymatic treatment and the cooling to
room temperature, the solutions were transferred to 100 mL volumetric ﬂasks;
the volumes were completed with deionized water; homogenized and ﬁltered with
paper ﬁlter and in 0.45 lm membrane for injection into the chromatograph.
2.2.2. Chromatographic conditions for the analysis of B complex vitamins in bee pollen
The chromatographic conditions varied for each vitamin. The B1 and B2 vitamins
were analyzed under the same conditions, while the B6 and PP vitamins were quan-
tiﬁed in different chromatographic conditions. For all the cases, the temperature of
the column used for the analytical procedures was 20 C.
The vitamins B2 and B6 are detected directly by ﬂuorescence, while vitamins B1
and PP undergo pre and post column reaction respectively to be also detected by
ﬂuorescence.
2.2.3. Determination of thiamine (vitamin B1), with pre-column reaction
2.2.3.1. Conversion of thiamine in thiochrome through pre-column reaction. For the
conversion reaction of thiamine in thiochrome, 1 mL of standard solution diluted
or from the sample extract was pipetted into 10 mL amber volumetric ﬂasks, and
approximately 2 mL of deionized water and 3 mL of potassium ferricyanide in basic
medium were added. The mixture was homogenized and put to rest for 2 min to al-
low reaction. After this period, 450 lL of 85% orthophosphoric acid were added. The
solution was then cooled and the ﬁnal volume was completed with deionized
water. These solutions were ﬁltered in 0.45 lm membrane and injected into the
chromatograph immediately after preparation.
The chromatographic method of analysis was based on procedure described by
Ollilainen et al. (1993), Presoto and Almeida-Muradian (2008) and Arruda (2009).
For the separation, 20 lL were injected into column C18 reversed-phase column
RP-18 spherical 5 lm/250  4.6 mm with pre-column 5 lm/10  4.6 mm Shim-
pack VP-ODS. The mobile phase was composed of phosphate buffer pH 7.2
(0.228% KH2PO43H2O) and Dimethylformamide (85:15); ﬂow: 1 mL/min; detected
by ﬂuorescence: Ex 368 nm; Em 440 nm.
2.3.1. Determination of riboﬂavin (vitamin B2)
The analysis method was based on procedure described by Augustin (1984),
Presoto and Almeida-Muradian (2008) and Arruda (2009). For the separation,
20 lL were injected into column C18 reversed-phase RP-18 spherical
5 lm/250  4.6 mm with pre-column 5 lm/10  4.6 mm Shim-pack VP-ODS. Themobile phase was composed of phosphate buffer pH 7.2 (0.228% KH2PO43H2O)
and dimethylformamide (85:15); ﬂow: 1 mL/min; detected by ﬂuorescence: Ex
450 nm; Em 530 nm.
2.3.2. Determination of vitamin PP through niacin and niacinamide vitamers
The analysis procedure was based on the description by Lahély et al. (1999),
Presoto and Almeida-Muradian (2008) and Arruda (2009). PP vitamin was detected
by ﬂuorescence after reaction under ultraviolet (UV). For the separation, 20 lL were
injected into column C18 reversed-phase Luna C18, spherical 5 lm/250  4.6 mm
with pre-column 5 lm/10  10 mm, brand Phenomenex. The mobile phase was
composed of phosphate buffer (0.954% KH2PO4) in solution of 0.76% hydrogen per-
oxide 30% and 0.1% of solution of copper sulphate 5 mM; ﬂow: 1.5 mL/min; reactor
composed of 12 m of tetraﬂuoroethylene (TFE) tubing, 0.5 mm internal diameter,
wrapped around a black lamp (TLD 18W/08) that emits radiation from 300 to
400 nm; ﬂuorescence detection: Ex 322 nm; Em 380 nm.
2.3.3. Determination of vitamin B6 through the vitamers pyridoxol, pyridoxal and
pyridoxamine
The analysis method was based on procedure described by Moreschi (2006),
Presoto and Almeida-Muradian (2008), Kall (2003) and Arruda (2009). For the sep-
aration, 20 lL were injected into column C18 reversed-phase Superspher 100 RP-18
endcapped 5 lm/250  4.0 mm with pre-column 5 lm/4  4 mm Lichrospher 100
RP-18. The mobile phase was composed of phosphate buffer pH 2.5 (0.68% KH2PO4)
with ion pair (0.014% PIC 7) and acetonitrile (96:4); ﬂow 0.6 mL/min; detection by
ﬂuorescence: Ex 296 nm; Em 390 nm.
2.3.4. Statistical analysis
All the experiments were performed in triplicate (n = 3) and the results were ex-
pressed as mean ± standard deviation. The studies were conducted in a fully ran-
domized manner and all the obtained data were tested regarding normal
distribution (Shapiro–Wilk test) and homogeneity of variances (Levene and
Brown-Forsythe tests).
Upon ﬁnding that the conditions were met for the application of parametric sta-
tistical tests of mean comparison, the following statistical analysis were performed:
comparison of vitamin content (B1, B2, PP e B6) in relation to each of the variables
under study properly determined: time (0, 4, 8 and 12 months) and storage condi-
tions (light, dark and freezer); these were performed by the One-dimensional Var-
iance Analysis (One-way ANOVA) followed by Tukey test.
The comparison of vitamin contents (B1, B2, PP and B6) regarding the processing
forms (fresh and dry), were carried out by Student’s t test for independent samples.
The analysis of the existence of a relation that could be mathematically de-
scribed between the contents of vitamins B1, B2, PP and B6 and the storage periods
(0, 4, 8 and 12 months) was performed by the use of linear Regression, using the
coefﬁcient of determination (r2) to assess the percentage of explicability of a vari-
able in relation to the other (0–1, with 1 representing 100% explicability).
In the sets of data in which the normal distributions and, specially, the homo-
geneity of variances were not observed, non-parametric statistical tests were em-
ployed. All statistical analysis were performed using the program STATISTICA 8.0
and adopting the signiﬁcance level of 5% (p < 0.05).
3. Results and discussion
3.1. Analysis of fresh and dry bee pollen
In the seven batches of analyzed bee pollen, all B vitamins pro-
posed herein were identiﬁed – vitamin B1 (thiamine), vitamin B2
(riboﬂavin), three vitamers of B6 vitamin (pyridoxol, pyridoxal and
pyridoxamine) and two vitamers of PP vitamin (nicotinic acid and
nicotinamide. The results of the concentrations of vitamins B1, B2
and PP in the samples of fresh and dried bee pollen are shown on
Tables 1 and2. In order to exclude the effect ofwater quantity (mois-
ture) of the samples in the quantiﬁcation of vitamins, the estimated
values were expressed on a dry basis (per 100 g of dry matter).
Concentrations of B1 vitamins varied between 0.59 ± 0.05 and
1.09 ± 0.02 mg/100 g in the fresh samples and between 0.64 ± 0.01
and 1.01 ± 0.01 mg/100 g in the dry samples. For vitamin B2 the con-
centrations were between 1.73 ± 0.04 and 2.23 ± 0.07 mg/100 g in
the fresh samples and between 1.77 ± 0.06 and 2.56 ± 0.05
mg/100 g in the dry samples (Table 1).
According to Ordinance No. 31, dated January 13, 1998 (Brasil,
2001), in terms of labeling, a solid food shall be considered source
of a determined vitamin or mineral if it supplies 15% of the
recommended daily intake (DRI) in the speciﬁed portion of the
product. According to the DRI (IDR, 2005), B1 vitamin consumption
Table 1
Concentrations of vitamins B1, B2 and PP (including their vitamers) in the samples of fresh and dry bee pollen.
Batches Vitamin B1 (mg/100 g)⁄ Vitamin B2 (mg/100 g)⁄ Vitamin PP (mg/100 g)⁄
Fresh Dry Fresh Dry Fresh Dry
Nicotinic Acid Nicotinamide Niacin Nicotinic Acid Nicotinamide Niacin
G 1.09 ± 0.02 1.01 ± 0.01 2.41 ± 0.22 2.49 ± 0.03 4.44 ± 0.14 7.98 ± 1.52 15.34 ± 1.69 2.93 ± 0.19 10.42 ± 0.44 13.38 ± 0.63
H 0.70 ± 0.02 0.68 ± 0.03 2.09 ± 0.07 1.92 ± 0.03 4.41 ± 0.07 8.72 ± 1.81 13.13 ± 1.74 3.22 ± 0.17 10.74 ± 0.43 13.96 ± 0.26
I 0.60 ± 0.04 0.64 ± 0.01 2.23 ± 0.07 2.56 ± 0.05 2.94 ± 0.02 10.59 ± 0.40 13.54 ± 0.43 3.57 ± 0.23 9.83 ± 0.21 13.40 ± 0.44
J 0.72 ± 0.05 0.74 ± 0.06 2.19 ± 0.09 2.05 ± 0.04 4.61 ± 0.04 8.80 ± 1.86 13.40 ± 1.90 3.72 ± 0.13 10.72 ± 1.35 14.43 ± 1.21
K 0.60 ± 0.05 0.65 ± 0.01 1.73 ± 0.04 1.77 ± 0.06 3.04 ± 0.02 8.57 ± 0.30 11.61 ± 0.29 3.36 ± 0.67 10.58 ± 0.05 13.94 ± 0.72
L 0.59 ± 0.05 0.66 ± 0.01 1.74 ± 0.03 1.79 ± 0.02 3.74 ± 0.10 2.69 ± 0.25 6.43 ± 0.15 2.03 ± 0.09 5.24 ± 0.04 7.27 ± 0.15
M 0.77 ± 0.03 0.80 ± 0.03 1.96 ± 0.02 2.03 ± 0.05 2.42 ± 0.43 4.37 ± 0.22 6.79 ± 0.66 2.19 ± 0.04 6.72 ± 0.37 8.90 ± 0.41
Mean 0.74 ± 0.13 0.64 ± 0.11 0.69 ± 0.08 0.60 ± 0.11 3.66 ± 0.87 7.39 ± 2.80 11.46 ± 3.49 3.00 ± 0.66 9.18 ± 2.25 12.18 ± 2.86
Table 2
Concentrations of vitamins B6 (mg/100 g)⁄ (including their vitamers) in the samples of fresh and dry bee pollen. The gray highlighted values denote the limit of quantiﬁcation.
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represents 0.18 mg of B1 vitamin for adults. In the case of B2 vita-
min, the DRI is 1.3 mg/day for adults and 15% of this amount is
equivalent to the intake of 0.20 of B2 vitamin in the portion. As
the recommended daily intake portion for dry bee pollen is up to
25 g, we veriﬁed that the three analyzed batches (G, J and M) could
be considered vitamin B1 source, providing at least 15% of the Rec-
ommended Daily Intake (RDI). In the case of vitamin B2, all batches
were sources since they contained amounts higher than 32% of the
Recommended Daily Intake (RDI) and the average amount of the
concentrations provided approximately 40% of the Recommended
Daily Intake (RDI).
The concentration of vitamin PP, shown on Table 1, considering
its two vitamers, varied between 6.43 ± 0.15 and 15.34 ± 1.69
mg/100 g in the fresh samples and between 7.27 ± 0.15 and
14.43 ± 1.21 mg/100 g in the dry samples.
The recommended daily intake of vitamin PP is 16 mg/day for
adults (DRI, 2005) and 15% of this amount represents 2.4 mg of
vitamin PP in the portion. Therefore, in terms of labeling, ﬁve
analyzed batches (G–K) could be considered source for this vita-
min, providing at least 20% of the RDI.
The concentration of vitamin B6 shown on Table 2, varied be-
tween 0.50 ± 0.00 and 0.79 ± 0.03 mg/100 g in the fresh samples
and between 0.33 ± 0.01 and 0.77 ± 0.06 mg/100 g in the dry sam-
ples. For vitamin B6, the RDI is 1.3 mg/day for adults and 15% of this
value would represent the intake of 0.20 mg of vitamin per portion.
According to the results, the bee pollen would provide 0.10 to
0.19 mg of vitamin in its daily portion; therefore, in terms of label-
ing, it could not be considered a source of vitamin B6.
Although some authors state that the chemical composition of
pollen can vary depending on the plant species, environmental
conditions, age, nutritional status of the plant when the pollen is
developing in different locations or developing between seasons
and different years (Barreto et al., 2006; Morais et al., 2011), the
samples analyzed in this work presented concentrations of B
complex vitamins in agreement with the studies carried out byStanley and Linskens (1974). Szczesna and Rybak-Chmielewska
(1998) and Campos et al. (2008) reported values of 6–13 mg/kg;
6–20 mg/kg; 40–110 mg/kg and 2–7 mg/kg for thiamine, riboﬂa-
vin, niacin and pyridoxine respectively. Sánchez (2004) reported
the amount 5 lg/g of vitamin B6 in bee pollen while Donadieu
(1983) presented intervals from 16.30 to 19.20 lg/g for vitamin
B2 and 0–9 lg/g (on a dry basis) for vitamin B6. There are not
any studies in Brazil or Portugal reporting the content of B complex
vitamins in bee pollen, what justiﬁes the pertinence of this work.
The amounts of the vitamer Pyridoxol found in the sampleswere
very low, sometimes below the limit of quantiﬁcation (0.07
mg/100 g) both in fresh samples (batches G, H, I and M) and dry
samples (batches H–J). The concentrations found for the other
vitamers (Pyridoxal and Pyridoxamine) were always above that
limit.
The literature describes that one of the most important steps in
the production of bee pollen is the drying process, which is respon-
sible for promoting the preservation and for increasing the shelf
life of the product (Moreira et al., 2008). In the present work, as
shown in Tables 1 and 2, it can be observed that the drying process
did not interfere in the concentrations of any vitamin in question,
in the bee pollen matrix (p < 0.05). Therefore, besides favoring the
commercialization of the product since it increases the expiry date,
the drying process did not interfere in the nutritional values. In the
work published by Melo and Almeida-Muradian (2010), the drying
process was responsible for the decrease in 67.1% of vitamin C con-
centration, 18.7% for vitamin E and 15.6% for b-carotene.
3.2. Analysis of dry bee pollen after storage
The sevenbatches of analyzeddry beepollenwere stored in three
different conditions: (i) at room temperaturewith exposure to light;
(ii) at room temperature protected from light and (iii) in freezer. The
samples were stored in transparent plastic packages and labeled as
sent by the commercial warehouse. The results obtained in the
analysis of vitamins B1 (thiamine), B2 (riboﬂavin) and vitamin PP
Table 3
Concentrations of vitamin B1 (mg/100 g)⁄ in samples of dry bee pollen, after 12 months of storage. The letter (a) represents that the contents of protein are not different by Tukey
test with signiﬁcance of a = 0.05.
Batches Time 0 Condition
Light Dark Freezer
4 months 8 months 12 months 4 months 8 months 12 months 4 months 8 months 12 months
G 1.01 ± 0.01 0.84 ± 0.01 0.82 ± 0.06 0.83 ± 0.04 0.89 ± 0.03 0.83 ± 0.03 0.85 ± 0.03 0.96 ± 0.03 0.91 ± 0.00 0.94 ± 0.04
H 0.68 ± 0.03 0.61 ± 0.01 0.67 ± 0.02 0.65 ± 0.09 0.62 ± 0.02 0.71 ± 0.02 0.62 ± 0.05 0.67 ± 0.02 0.76 ± 0.04 0.67 ± 0.04
I 0.64 ± 0.01 0.56 ± 0.01 0.69 ± 0.02 0.56 ± 0.02 0.60 ± 0.02 0.72 ± 0.07 0.61 ± 0.01 0.64 ± 0.01 0.79 ± 0.00 0.64 ± 0.04
J 0.74 ± 0.06 0.63 ± 0.03 0.61 ± 0.01 0.55 ± 0.04 0.64 ± 0.00 0.63 ± 0.00 0.55 ± 0.04 0.72 ± 0.02 0.71 ± 0.03 0.58 ± 0.01
K 0.65 ± 0.01 0.54 ± 0.04 0.62 ± 0.01 0.51 ± 0.01 0.60 ± 0.03 0.66 ± 0.02 0.55 ± 0.06 0.65 ± 0.02 0.78 ± 0.10 0.65 ± 0.07
L 0.66 ± 0.01 0.59 ± 0.02 0.66 ± 0.01 0.53 ± 0.03 0.63 ± 0.09 0.62 ± 0.02 0.54 ± 0.02 0.65 ± 0.01 0.68 ± 0.03 0.56 ± 0.06
M 0.80 ± 0.03 0.72 ± 0.01 0.76 ± 0.01 0.60 ± 0.05 0.73 ± 0.03 0.64 ± 0.03 0.73 ± 0.05 0.80 ± 0.02 0.86 ± 0.01 0.79 ± 0.01
Mean 0.74 ± 0.13 0.64 ± 0.11 0.69 ± 0.08 0.60 ± 0.11 0.67 ± 0.11 0.69 ± 0.07 0.64 ± 0.12 0.73 ± 0.16 0.78 ± 0.08 0.69 ± 0.13
Table 4
Concentrations of vitamin B2 (mg/100 g)⁄ in samples of dry bee pollen, after 12 months of storage.
Batches Time 0 Condition
Light Dark Freezer
4 months 8 months 12 months 4 months 8 months 12 months 4 months 8 months 12 months
G 2.49 ± 0.03 1.15 ± 0.02 1.76 ± 0.07 1.81 ± 0.03 1.41 ± 0.05 1.93 ± 0.10 1.51 ± 0.02 1.48 ± 0.03 2.05 ± 0.05 1.37 ± 0.02
H 1.92 ± 0.03 1.45 ± 0.06 1.32 ± 0.07 1.37 ± 0.03 1.57 ± 0.03 1.39 ± 0.09 1.56 ± 0.03 1.61 ± 0.02 1.54 ± 0.05 1.62 ± 0.04
I 2.56 ± 0.05 1.46 ± 0.07 1.27 ± 0.01 1.14 ± 0.01 1.55 ± 0.01 1.35 ± 0.05 1.25 ± 0.03 1.64 ± 0.06 1.47 ± 0.01 1.27 ± 0.01
J 2.05 ± 0.04 1.32 ± 0.06 1.36 ± 0.02 1.29 ± 0.03 1.46 ± 0.02 1.52 ± 0.01 1.42 ± 0.05 1.52 ± 0.03 1.57 ± 0.03 1.43 ± 0.03
K 1.77 ± 0.06 1.44 ± 0.02 1.03 ± 0.05 1.47 ± 0.04 1.54 ± 0.02 1.15 ± 0.01 1.58 ± 0.03 1.55 ± 0.00 1.30 ± 0.05 1.59 ± 0.05
L 1.79 ± 0.02 1.07 ± 0.04 1.34 ± 0.13 1.62 ± 0.05 1.18 ± 0.05 1.55 ± 0.11 1.65 ± 0.07 1.27 ± 0.01 1.43 ± 0.13 1.72 ± 0.03
M 2.03 ± 0.05 1.25 ± 0.01 1.67 ± 0.11 1.77 ± 0.07 1.38 ± 0.03 1.60 ± 0.04 1.96 ± 0.04 1.42 ± 0.09 1.68 ± 0.06 2.01 ± 0.03
Mean 2.09 ± 0.32 1.31 ± 0.16a 1.39 ± 0.25a 1.50 ± 0.25a 1.44 ± 0.14a 1.50 ± 0.24a 1.56 ± 0.22a 1.50 ± 0.13a,b 1.58 ± 0.24a 1.54 ± 0.25a
a Differences statistically signiﬁcant in relation to time 0 of each storage condition (p < 0.05).
b Differences statistically signiﬁcant in relation to storage in light (p < 0.05)
Table 5
Concentrations of vitamin PP (mg/100 g)⁄ in samples of dry bee pollen, after 12 months of storage.
Batches Time 0 Condition
Light Dark Freezer
4 months 8 months 12 months 4 months 8 months 12 months 4 months 8 months 12 months
G 13.38 ± 0.63 9.31 ± 0.91 7.93 ± 0.90 2.74 ± 0.22 9.49 ± 0.09 7.98 ± 0.21 3.33 ± 0.06 8.19 ± 0.70 7.63 ± 0.41 3.37 ± 0.10
H 13.96 ± 0.26 6.93 ± 0.92 7.78 ± 0.24 3.52 ± 0.15 7.99 ± 0.39 7.56 ± 0.26 3.74 ± 0.51 7.73 ± 0.34 6.72 ± 0.26 4.82 ± 0.84
I 13.40 ± 0.44 7.53 ± 0.08 7.09 ± 0.04 5.32 ± 0.09 7.29 ± 0.15 7.49 ± 0.24 5.25 ± 0.18 6.89 ± 0.34 6.31 ± 0.18 5.29 ± 0.40
J 14.43 ± 1.21 5.55 ± 0.10 7.54 ± 0.14 5.31 ± 0.16 5.56 ± 0.12 7.32 ± 0.26 5.28 ± 0.11 5.60 ± 0.24 6.93 ± 0.40 4.79 ± 0.19
K 13.94 ± 0.72 6.27 ± 0.25 4.48 ± 0.80 4.82 ± 0.37 5.78 ± 0.06 5.58 ± 0.21 4.91 ± 0.20 5.48 ± 0.26 4.89 ± 0.72 4.36 ± 0.18
L 7.27 ± 0.15 5.54 ± 0.58 6.68 ± 0.12 5.21 ± 0.40 5.23 ± 0.15 6.01 ± 0.34 5.37 ± 0.17 5.09 ± 0.03 6.51 ± 0.82 4.67 ± 0.15
M 8.9 ± 0.41 5.42 ± 0.29 7.96 ± 0.23 5.06 ± 0.18 5.12 ± 0.31 6.93 ± 0.30 3.83 ± 0.90 5.04 ± 0.06 5.87 ± 0.18 4.55 ± 0.02
Mean 12.18 ± 2.86 6.65 ± 1.42 7.07 ± 1.23 4.57 ± 1.02a 6.64 ± 1.66 6.98 ± 0.88 4.53 ± 0.86a 6.29 ± 1.30 6.41 ± 0.86 4.55 ± 0.59a
a Statistical signiﬁcant differences when compared with the initial time for each storage condition (p < 0.05).
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shown in Tables 3–5 and Fig 1. In Table 6 we can see the concentra-
tions of vitamin B6 (including its vitamers pyridoxol, pyridoxal and
pyridoxamine) in samples of dried bee pollen with 0, 4, 8 and
12 months of storage at room temperature (with and without light)
and freezer.
Through the results obtained in the study of stability, we veri-
ﬁed that the vitamin B1 in the matrix bee pollen remained stable
during the proposed period of study in the three storage conditions
(Table 3). Only after 8 months, the storage in freezer resulted in
losses marginally lower (p < 0.10) of vitamin B1, when compared
to the other storage conditions.
For vitamin B2 a signiﬁcant loss from time 0 to times 4, 8 and
12 months was observed (p < 0.05), with amounts of loss similar
to the three storage conditions (Table 4), except for the result of
4 months, in which the storage in freezer resulted in lower losses
of vitamin than storage at light (p < 0.05), remaining stable until
the end of the study.After 12 months of storage, it was veriﬁed that all batches in the
three storage conditions could still be considered as source of vita-
min B2, providing amounts that varied between 21.9% and 38.75%
of the Recommended Daily Intake (RDI).
For vitamin PP (niacin and niacinamide), a signiﬁcant decrease
was observed from time 0 to time 12 months (p < 0.05) of 60%
for all conditions and marginally signiﬁcant differences from 0 to
the 4th month and from the 8th to the 12th months (p < 0.10), as
shown in Table 5.
After 4 months of storage, the ﬁve batches (G–K), previously con-
sidered a source of vitamin PP, are at concentrations below 9.6
mg/100 g, amount required to be considered source of this vitamin.
In the case of vitamin B6, a signiﬁcant decrease of concentration
was observed from time 0 to times 8 and 12 months (p < 0.05),when
the vitaminwasnot detected in anyof the sample batches andunder
any of the proposed storage conditions, as shown in Table 6.
It was also observed that the concentrations of vitamers
Pyridoxol and Pyridoxal were below the quantiﬁcation limits
Fig 1. Graphic representation of the results obtained for vitamins B1, B2, B6 and PP during storage, in bee pollen. The values represent the average of 7 analyses.
a = Statistically signiﬁcant differences in relation to time 0 of each storage condition (p < 0.05). b = Statistically signiﬁcant difference in relation to storage in light (p < 0.05);
c = Represents that the concentration of vitamins are not different by Tukey test with signiﬁcance of a = 0.05.
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0.04 mg/100 g, respectively.
Although cold and dark environments are considered ideal for
storing bee pollen in order to preserve its nutritional value
(Campos et al., 2003), it was veriﬁed in the present work that to
store in freezer (18 C) or protected from the effects of light
had no positive effect on the concentrations of the vitamins stud-
ied. However, in the work of Melo and Almeida-Muradian (2010),
who studied the effect of the same storage conditions on the con-
tent of antioxidant vitamins (A, E and b-carotene), the storage in
freezer was more effective for the preservation of vitamins. In
the present work, the results were dependent on storage time
and not on the condition in which the sample was maintained. This
suggests that there is no need to develop packages that protect
from light; also, there is no need to store the product in the freezer
to preserve the B complex vitamins. These procedures would incur
in higher investments by the industry and sellers of bee pollen.
The content of pollen nutrients can also change with the stor-
age. Szczesna and Rybak-Chmielewska (1998) estimated the effect
of different preservation methods (freezing, drying at approxi-
mately 40 C and freeze drying) on the selected parameters as-
signed to the biological quality of the bee pollen. Freezing did
not cause any substantial change in the chemical composition ofthe pollen, so this technique can be recommended when the pres-
ervation of the pollen load for food or for therapeutic purposes is
important.
Another very interesting fact is that it was mathematically
possible to explain the inﬂuence of storage time on the concentra-
tions of vitamins B6 and PP, for all storage conditions simulta-
neously, through the establishment of linear regression
equations. In fact, Azanha & Faria (2005) claimed that the product
quality is often mathematically modeled around a parameter (con-
centration of a chemical compound, a microbiological index, or
moisture content).
The decrease in concentrations of vitamins B6 can be explained
at 76% level due to the increase of storage time (r2 = 0.76), accord-
ing to the following equation: [B6] = 0.48–0.047  storage time,
while for vitamin PP the explicability level was 60% due to the
increase in storage time (r2 = 0.60), according to the following
equation: [PP] = 10.97–0.56  storage time.
It is noteworthy that after external validation, these equations
could be applied to predict vitamin content of pollens in general,
at least within the studied storage range (0–12 months). Further
studies about the mode of deterioration of the product are funda-
mental to understanding and setting up the limits to conﬁrm the
described models.
Table 6
Concentrations of vitamin B6 (including its vitamers) in samples of dry bee pollen, after 4 months of storage. Below the limit of quantiﬁcation. The letter (a) represents that the
contents of protein are not different by Tukey test with signiﬁcance of a = 0.05.
148 V.A.S. de Arruda et al. / Food and Chemical Toxicology 51 (2013) 143–1484. Conclusions
This study describes, for the ﬁrst time, the presence and stabil-
ity of B complex vitamins in bee pollen, depending on the storage
conditions. Three batches were sources of B1, all the samples were
sources of vitamin B2, 5 of the analyzed samples were sources of PP
and none of them was source of B6.
It can be concluded that the dehydration process, which is
favorable for the preservation of the product and the increase of
shelf life, did not interfere in the content of complex B vitamins
(p < 0.05). In general, it can be stated that the concentration of vita-
mins was dependent on storage time and not on the conditions in
which the dry pollen was stored (p < 0.05). It was possible to ex-
plain mathematically, through linear regression equations derived
from multivariate analysis, the inﬂuence of storage time on the
concentrations of vitamins B6 and PP, explained as 76% and 60%
respectively, for these samples and under these conditions.
Variations in the vitamins’ concentrations can be due to the
botanical origin, meteorological conditions, type of soil and han-
dling. In this context, further studies with a larger number of bee
pollen samples are necessary to conﬁrm the ﬁndings.Conﬂict of Interest
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